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ABSTRACT

Author: Yu, Shi
Institution: Purdue University
Degree Received: December 2017
Title: Effects of dietary pectin and Threonine concentrations on the growth performance,
digestibility and intestinal morphology of broiler chickens
Major Professor: Layi Adeola
The experiment was conducted to determine the effect of dietary threonine (Thr) concentration
and dietary pectin and the interaction effects of dietary pectin and dietary Thr concentrations on
growth performance, nutrient digestibility and intestinal morphology of broiler chickens from d 7
to 21 posthatch. Ten diets with five levels of dietary Thr concentration of 5.7, 7.6, 9.4, 11.3,
13.2 g/kg, representing 60, 80, 100, 120, 140%, respectively, of the Thr requirement suggested
by Ross Nutrition Supplement (2009), and two levels of dietary pectin (0 and 7%) were fed to
broiler chickens from d 7 to d 21 posthatch in a 5 x 2 factorial arrangement following a RCBD.
Silica sand was added to control diet as a replacement of pectin. Chromic oxide was used as an
index marker for digestibility coefficient. Individual body weights and feed intakes were
recorded at d7, d14 and d21. Excreta samples were collected over a 48h period on d12/13 and
d19/20 posthatch, jejunum sections from one heaviest and one lightest bird were collected on
d14 and d21, ileal digesta were collected from the remaining birds on d21.
Growth performance was determined by BWG, FI and G:F ratio. Nitrogen retention (NR),
apparent metabolizable energy corrected for nitrogen (AME n), and ileal digestible energy (IDE)
data were analyzed on a DM basis from excreta and ileal digesta samples. Villus heights (VH),
crypt depths (CD) and goblet cell counts (GCC) were measured from jejunum samples after
AB/PAS stain.

x
Pectin-fed groups had lower BWG, AME n, IDE, NR, VH, GCC compared with control groups
when Thr concentrations were 5.7, 7.6, 9.4 g/kg. When Thr, concentrations were 11.3 and 13.2
g/kg, pectin-fed groups had lower BWG, AMEn and higher GCC compared with control groups.
Meanwhile, BWG, FI and G:F ratio increased when Thr concentrations increased from 5.7 to 9.4
g/kg.
Overall, these results supported our hypothesis that dietary pectin had a negative impact on the
growth performance, intestine morphology development and nutrient digestibility of 7 to 21 dayold broiler chickens when dietary Thr was deficient. However, excess Thr could compensate for
the negative effects of dietary pectin on growth performance and intestine morphology
development.
Key words: GI tract, Epithelial cell, Mucin, Threonine, Dietary fiber, Broilers, Growth
performance, Digestibility, Intestinal Morphology.
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CHAPTER 1. LITERATURE REVIEW

1.1 Intestinal Digestion System
1.1.1 Organization of Chicken Gastrointestinal Tract

The chicken digestion system is made up of the gastrointestinal tract (GI tract) and the liver,
pancreas, and gall bladder. The gastrointestinal tract begins at the beak, includes esophagus,
crop, proventriculus, gizzard, small intestine, large intestine, ceca and ends with cloaca. The GI
tract serves not only as the main site of nutrient digestion and absorption. The surface of the
intestine is lined with a single layer of epithelium that provides an efficient physical barrier
between luminal contents and the underlying lamina propria as well.

One of the most critical organs regarding nutrient absorption is the small intestine, which is
made up of the duodenum, which located on the upper part, and jejunum and ileum, which form
the lower part. The Meckel's diverticulum marks the end of the jejunum and the start of the
ileum. Most digestion occurs before and in the duodenum with the help of digestive enzymes and
bile acid from the pancreas and liver. Most of the digested nutrients were absorbed in the
jejunum and ileum. The major function of the jejunum and ileum is to absorb the nutrients
released from digestion, which includes amino acids, fatty acids and carbohydrates.

The ceca are two blind pouches located at the joint of the small and large intestine, where the
reabsorption of water remained in the digesta take place. The ceca is also the location of gut
microbial fermentation. The large intestine (also known as the colon) functions as the final
absorption site within the GI tract.
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The distal part of GI tract, which includes the small intestine, large intestine and ceca, is
generally populated with beneficial bacteria, which aid in digestion by participating in
fermentation. During this fermentation, several fatty acids as well as vitamins are produced.
Dietary fiber, which is mostly indigestible through the GI tract, can be utilized here to provide
energy via fermentation. However, because most of the fermentation occur at the very end of the
GI tract, limited amount of the product can be absorbed by the animal body.

1.1.2 Epithelial Cell And Mucin
Epithelium is a basic type of tissue that forms the animal body. It lines the outside skin and the
inside surfaces of blood vessels and organs. All glands are a combination of different epithelial
cells, which serves the functions of secretion absorption, protection and transcellular
transportation.
Goblet cells are a kind of modified epithelial cells that function in the secretion of mucins,
which is the major content of mucus. Mucus forms a thick layer that lubricates and protects the
wall of the GI tract. Goblet cells can be stained easily with Periodic Acid Schiff/Alcian Blue
reagents and are seen as the larger, pale cells, whereas deep, red mucin can be found inside the
cell bodies.
Mucus is produced by chief cells and parietal cells that compose the gastric glands. The mucus
layer in both small and large intestine serves as a protection for epithelial cells against
inflammation caused by intestinal bacterial, which is essential for animal gut health (Allen, 1981;
Montagne, 2003). Mucus thickness increases from the proximal to distal intestine as measured in
rats (Atuma, 2001). There are two different mucus layers in the stomach and large intestine area,
but only one discontinuous, removable layer exists in the small intestine (McGuckin et al., 2011).
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Faura et al. (2005) showed that the integrity of the mucus layer is related to the nutrition
intake. The mucus serves multiple functions in the GI tract: i) as a protection to prevent the
epithelial cells from colonization by the gut microbes and reduce intestinal inflammation in the
small intestine; ii) as an assistant in nutrient absorption in both small and large intestines; iii) as a
lubricant for food content to pass throughout some parts of GI tract like the esophagus; iv) as a
wall for the stomach to avoid from the damage of the high acidic environment.
The glands that secret mucus are regulated by the feedback of the intestinal tract. Glandular
tissue is formed from the infolding of epithelium and forms all kinds of glands (Eurell et al.,
2006). Glands are divided into two main classes considering the fate of the products: endocrine
and exocrine glands. Products of endocrine glands, like hormones, are transported into the
extracellular space and later into the blood vessel. Products secreted by exocrine glands, like
sweat and salivary, are delivered into the lumen of organs or onto the surface of the skin
(Isenman, 1999).

1.2 Threonine Effects on GI Tract
1.2.1 Threonine Metabolism
Threonine (Thr) is considered as one of the most important essential amino acids for chickens
due to the lack of its de novo synthesis (Kidd and Kerr, 1996). Thr undergoes three major
metabolic pathways, after digestion and absorption in the GI tract: i) conversion into other amino
acids or metabolic substrates; ii) incorporation into proteins; and iii) oxidation. Specifically,
during oxidation, enzymes like L- Thr dehydratase, L- Thr dehydrogenase and L- Thr aldolase
catabolize Thr (Stoll, 2006).
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L- Thr dehydratase (TDH) degrades Thr to ammonia and 𝛼-ketobutyrate, which can enter the
citric acid cycle for gluconeogenesis to maintain blood glucose level. L- Thr dehydrogenase
(TDG) oxidizes Thr to 2-amino-3-oxybutyrate in liver and pancreas and later converted to acetyl
CoA and glycine, the final product could be serine or pyruvate, depending on the body metabolic
need. TDG catabolism activity accounts for approximately 80-90% of the whole Thr catabolism.
L- Thr aldolase (TA), on the other hand, can also degrade Thr to glycine. However, its activity is
quite limited in the chicken body due to lack of TA (Figure 1-1) (Bird and Nunn, 1983; Kidd and
Kerr, 1996; Stoll, 2006).

1.2.2 Threonine Utilization
Threonine (Thr) plays the key role in the maintenance of the animal gut as an essential amino
acid. Jacobi and Odle (2012) showed that pig could retain up to 60% of the dietary Thr. Since
Thr accounts for around 30% of the total amino acid of intestinal mucins, the high retention rate
of dietary Thr may reflect its key role in the synthesis of other intestinal essential amino acids.
The utilization of Thr is different from other amino acids. Portal-drained viscera (PDV), which
includes the whole stomach, intestine, pancreas and spleen, is responsible for the excessive
uptake of Thr. After entering the blood vessel, most of Thr may attribute to membrane and
secretory mucosal synthesis (Stoll, 2006). Therefore, factors that decrease the intake of Thr could
decrease the production of mucin as well as the contribution of Thr to energy necessary for
animal growth and production.
After digestion and absorption in gut, the substrate from Thr could be used for i) mucosal
proteins synthesis; ii) production of other metabolic substrates; iii) production of energy for
intestinal mucosa via oxidation (Figure 1-1). Because of the absence of the Thr degrading
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enzymes (TDG, TGH and TA) in the chicken intestine, it is assumed that catabolism extent is
low and thus substrate to metabolism is limited (Le Floch and Seve, 2005).
Results from several studies revealed that anti-nutritional factors such as soluble and insoluble
fibers could alter Thr utilization efficiency. Myrie et al. (2008) used ileum T-cannulated pigs to
assess the effect of wheat bran and barley on the endogenous losses of Thr. Results indicated that
pigs fed with diets containing dietary fiber, either soluble or insoluble, had greater Thr
endogenous losses than pig fed a control diet. Furthermore, birds fed diets containing pectin had
elevated goblet cell density, indicating a higher usage of Thr and energy by the gut for mucus
secretion compared with other body organs (Wils-Plotz and Dilger, 2013).

1.2.3 Threonine Effects on Mucin Synthesis
The importance of threonine (Thr) in mucin structure makes it essential when discussing
intestine development. Thr accounts for 28% to 35% percent of the total mucin amino acids
(Nichols and Bertolo, 2008), and the concentration of Thr in mucin is 224 g/kg protein, which is
much higher than the average level throughout the chicken body. Horn et al. (2009) examined
the effect of Thr deficiency on intestinal mucin dynamics of young broilers and White Pecking
ducks (d 14 to d 28-old). In both species, intestinal mucin excretion level linearly increased as
dietary Thr concentrations increase. However, MUC2 (oligomeric mucus gel-forming) mRNA
expression as well as the intestinal goblet cell density stay the same for broilers. Similar results
were also found in young rats and piglet (Faure et al., 2005; Nichols et al., 2008). Observations
mentioned above indicated that dietary Thr restriction might impair mucin synthesis, but the
mechanism by which it affects the expression of related genes like MUC2 is still unclear.
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Nichols and Bertolo (2008) and Wang et al. (2007) used piglets to study the influence of
luminal availability of Thr on intestinal protein and mucin synthesis. Results showed that mucin
synthesis rate in the duodenum, ileum and colon linearly increased as available Thr increased
and reached a peak when Thr concentration was at 56 mg/g total amino acids; and the fractional
synthesis rate in jejunum and liver decreased when piglets were fed with feed containing 50 or
150% of required Thr, indicating that either a deficiency or excess of Thr affects mucosa
synthesis.
Horn et al. (2009) stated that dietary Thr intake level would affect intestinal goblet cell density
in both broilers and ducks. Changes in goblet cell density may alter mucin viscosity and
thickness and later affect mucus layer integrity, which could lead to a poor gut health. However,
the interaction effect between dietary fiber and Thr concentration on intestinal development is
still unclear. Because goblet cells have a 3 to 5-day lifespan in broilers (Leblond and Messier,
1958; Uni et al., 2003), a long period study (e.g., 14-days feeding period) is necessary for a clear
look of the changes on intestinal development.

1.3 Dietary Fiber
Dietary fiber is a combination of different kinds of polysaccharide, resistant starch (RS), and
non-starch polysaccharides (NSP). Major compositions of starch contains α-(1-4) and α-(1-6)glucosidic bond. Thus, starch can go through hydrolysis in both the gizzard and the small
intestine with the help of enzymes like α-amylase for broilers.
NSP has two main components: soluble fiber (inulin, pectin, alginates, etc.) and insoluble fiber
(beta-glucan, hemicellulose, lignin, resistant starch, etc.). Both soluble and insoluble NSP exist
in most primary plants (Table 1-1). None of the endogenous enzymes of chicken can help to
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hydrolyze NSP. However, the microflora in the large intestine and ceca can help to ferment the
majority of NSP and contribute a certain amount of energy to the chicken body.
Pectin, also known as pectin polysaccharides, consists of a complex set of polysaccharides that
exist in most primary plant cell walls. It is considered as mostly indigestible in non-ruminant
animals while up to 90% digestible by bacterial enzymes in ruminant animal gut (GonzalezAlvarado, 2008). It is highly recommended in human diet due to its ability to decrease blood
cholesterol concentration and slow glucose absorption rate.

1.3.1 Dietary Fiber Effects on Gastrointestinal Tract
Although dietary fiber has little nutritional value, it is still considered as an essential part of
broiler chicken diet formulation. Besides its economic advantage, dietary fiber contributes in
several other ways. Soluble fiber increases stomach distension, intestinal transit time, salivary,
pancreatic and bile secretion and digesta viscosity, delays gastric emptying and glucose
absorption and slows nutrient absorption, whereas insoluble fiber decreases transit time,
enhances water-holding capacity and assists fecal bulking. Both forms can be partially utilized
through the fermentation by the microbial population in broiler hindgut and ceca (Annison, 1990;
Choct et al., 1990; Langout et al., 1999). Result of Langios (1987) shown an increase in both the
secretion level as well as protein concentration of pancreatic juice of pigs fed with diet
containing wheat bran. However, this effect was only observed with certain types of fiber,
whereas pectin was reported to have little effect on enzymes activity or urea content (Mosenthin
et al. 1994). Furthermore, Gonzalez-Alvarado (2008) indicated that a certain amount of dietary
fiber in diet would help young chicks in the early development of gastrointestinal tract.
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However, inclusion rate of dietary fiber, both soluble and insoluble, is limited because the
presence of dietary fiber, especially NSP, can have negative impact on the digestion and
absorption of nutrients and therefore decrease the utilization efficiency and production
performance.
Dietary fiber can increase viscosity of digesta content and therefore prevent animal from
digestion and absorption as well as increasing endogenous loss. Both of which would decrease
diet utilization efficiency, leading to a poor growth performance. These negative effects have
been proven to be more significant in young animals like piglets and chickens (Fernandez et al.,
1986). There are several ways like dehulling, enzyme supplementations, which can help to
compensate the negative effects brought by the fiber included in non-ruminant animal diets.
(Gdala, 1998).
Langout et al. (1999) suggested that the soluble part of NSP is mostly responsible for the antinutritive effect of dietary fiber. The soluble NSP can bind water and increase the viscosity of
intestinal content, which result in a low digestibility and poor gut health.

1.3.2 Dietary Fiber Fermentation
Bacteria existing in the mucus layer and mucosal surface of the GI tract is the major force for
dietary fiber fermentation. Leser et al. (2002) assumed microflora associated with mucosa and
mucin is the subset of the luminal flora according to a comparison of those two populations.
The major products of dietary fiber fermentation are short chain fatty acids (SCFA), most of
which are rapidly absorbed after produced in colon lumen. Jensen (2001) revealed that unlike
other animals like human and pig, the majority of microflora of chicken is located in the
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proximal area of the GI tract. Therefore, after produced, a relative amount of SCFA can be
absorbed in the GI tract and providing energy to the chicken animal (Józefiak et al., 2004).
Factors including fiber source, fiber solubility, levels of inclusion as well as the age of the
animals all can affect the fermentation efficiency. Fiber solubility is one of the most influential
factors. For example, soluble fiber can go through a more complete fermentation in the ceca and
colon compared with insoluble fiber, which is because of the beneficial effect of soluble fiber on
the population of gut microbes. Moreover, older animals can use fiber more effectively than
younger ones due to the more fully developed GI tract (Montagne, 2003). Therefore, the
selection of fiber source should be taken into consideration when dietary fiber is included in the
diet.

1.3.3 Effect of Dietary Fiber on AA Utilization
Utilization of essential amino acid is crucial when evaluating feed efficiency. Proteins entering
the gastrointestinal tract will be denatured and partially hydrolyzed in the stomach and break
down to small peptides and various amino acids in the small intestine with the help of intestinal
enzymes (e.g. Trypsin, chymotrypsin, aminopeptidase and carboxypeptidase). Intestinal mucosa
hydrolyzes short peptides to free amino acids. The major mechanism of free amino acid
absorption is active transport through the intestinal lining into the bloodstream.
Dietary fiber, especially soluble fiber, can increase the bile and pancreatic secretion, which
will help in improving amino acid utilization efficiency. However, the positive effect only
accounts for a limited extent when compared with the negative effect of dietary fiber on amino
acids digestibility and endogenous amino acid loss. Results from Mosenthin et al. (1994)
suggested a decrease in apparent digestibility of nitrogen and amino acid of pigs fed with dietary
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fiber. However, different results were observed indicating no difference in true ileal amino acid
digestibility caused by the viscosity change from dietary fiber (Larsen et al. 1994). In particular,
the difference of effect should not be simply decided based on the solubility, but related to the
source of fiber and its chemical and physical properties (Souffrant, 2001). Angkanaporn et al.,
(1994) suggested that cellulose or pectin had no measurable effects on digestibility and
endogenous loss, whereas straw meal significantly decreased the protein digestibility of
chickens.
When amino acid digestibility efficiency decreases and luminal endogenous loss increases,
the requirement of specific amino acid should increase. Data support this theory in both chicken
and pig studies (Sauer et al., 1991; Wils-Plotz and Dilger, 2013). When additional dietary fiber
was added to the diet, the requirement of crude protein and Thr increased (Sauer et al., 1991;
Wils-Plotz and Dilger, 2013).
Also, dietary fiber could affect ileal endogenous amino acid losses. Dietary fiber could
directly or indirectly stimulate digestive enzyme secretions, which could affect endogenous loss.
The presence of dietary fiber could also prevent the digestion and absorption of endogenous
amino acids because of the viscosity change caused by its physicochemical properties.
Additional pectin was reported to significantly increase endogenous nitrogen flow, whereas
inclusion of cellulose increased the amount of ileal endogenous nitrogen loss in pigs (De Lange
et al. 1989). Similar results were also found in rats (Larsen et al. 1993). Dietary fiber, especially
soluble fiber could increase elimination of ileal protein due to the changed lumen environment
caused by increased viscosity. Still, different types of fiber had different effects on endogenous
loss changes.
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In general, the type of dietary fiber, the rate of inclusion as well as the animal species and age
can all influence the effect of dietary fiber on amino acid utilization.

1.3.4 Effect Of Dietary Fiber On Intestinal Morphology
Factors like chemical and physical compositions of the dietary fiber, inclusion levels in the
diet, species and age of the animal and ingestion time can change the effect of dietary fiber on
intestinal morphology (Montagne et al., 2003). For example, when chickens were fed with a diet
containing pectin, a reduction in villus height was observed after a 14-d period, but not for a 7-d
period, which marks the importance of ingestion duration (Iji et al., 2001). However, the
ingestion of pectin increases the villus height in rats, which is in contrast to chickens, indicating
that pectin may have trophic effect for rat intestine (Andoh et al., 1999). Thus, the effect of
soluble fiber on intestinal development may vary among species.
Schimidt-Witting et al. (1996) found that the inclusion of dietary fiber in diet would affect the
development of both the small and large intestinal mucosa. The mucin flow in the jejunum in
response to the dietary fiber can cause changes in the gut morphology, including goblet cell
numbers, villus heights and crypt depths (Montagne et al., 2003). The change of morphology can
directly reflect the change of physiological body condition. Villus height: crypt depth ratio
(VH:CD ratio) is the most common index representing the intestinal status. In most situations, a
lower VH:CD ratio stands for poorer intestinal development and, and vice versa. On the one
hand, shorter villi will result in a slower absorption. Shorter villi result in smaller intestinal
absorption surface area as well as a decrease in water absorption. On the other hand, a deeper
crypt means higher water secretion into the lumen, which may cause the incapability to absorb
enough water and lead to possible dehydration and diarrhea. In addition, the decrease in VH:CD
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ratio observed in both humans and rats is related to an increased rate of crypt cell proliferation,
which indicated a faster epithelium turnover rate (Malkki and Virtanen, 2001; Goodlad et al.,
1987).
Langhout (1998) demonstrated a reduction in villus height in chickens fed a pectin-containing
diet. However, different results have been found by other researchers. Andoh (1999) shown that
rats fed with pectin-diet had significant higher villus height and crypt depth values compared
with control groups. One possible explanation for the contradicting results could be the increased
digesta viscosity caused by the inclusion of dietary fiber. More viscous digesta can result in more
villus cell losses as well as higher crypt-cell production. Villus cell losses can decrease villus
height, while high crypt-cell production increases crypt depth, both of which would decrease the
villus height: crypt depth ratio. This phenomenon is more likely associated with soluble dietary
fiber, which is associated with the increase of intestinal viscosity.
In addition, the product of fermentation, like butyrate can induce longer crypt cell
proliferation. Goodlad et al. (1989) demonstrated that the presence of SCFA would stimulate the
development of small intestine and epithelial in germ-free rats.

1.3.5 Effect of Dietary Fiber on Mucus
Mucus layer can protect the gut from infection and injuries caused by harmful environments,
and aids in the movement of lumen contents throughout the GI tract. Thus, the mucus layer needs
to stay intact to remain fully functional. Dietary fiber may affect the mucus layer integrity in
several aspects.
First, results of several studies have shown that inclusion of certain dietary fiber increased
intestinal mucin excretion. The effect of dietary fiber on the erosion of mucus is mainly
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depended on the solubility. Insoluble fiber could scrape intestinal content off from the lumen
when moving along the GI tract. Lien et al. (2001) showed that feeding a certain amounts of pea
fiber to pigs resulted in an increased mucins content in the ileal digesta.
Second, several studies provide evidence that the presence of dietary fiber in vivo can improve
the synthesis and secretion of mucus. The results were shown in experiments on both rats and
humans (Meslin et al., 2001; Finnie et al., 1995).
Last, dietary fiber ingestion may alter the level of mucin maturation. Mucin can be divided
into two classes: neutral and acidic subtypes. Mature mucins are mostly of the acidic subtype. To
keep a healthy mucin environment, the presence of enough intestinal acidic mucins is necessary.
However, it was reported that ingestion of dietary fiber could cause a shift in mucin classes,
which leads to more immature mucin (Sharma and Schumacher, 1995; Meslin et al., 1999).

1.4 Objective
The overall goal of this research was to investigate the effects of dietary pectin and dietary
threonine (Thr) concentration on the growth performance, intestinal morphology development
and nutrient digestibility of broiler chickens. Specific objectives were to:
1. Determine the impact of dietary pectin on the growth performance, intestinal morphology
development and nutrition digestibility of broiler chickens.
2. Determine the impact of different Thr concentrations on the growth performance,
nutrition digestibility and intestinal morphology development of broiler chickens.
3. Determine the interaction of the dietary pectin and Thr concentrations on broiler
chickens.
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Based on the evidence that dietary fiber like pectin could influence both the physical and
chemical aspect of the GI tract and noting the importance of dietary Thr in mucin synthesis, we
hypothesized that the presence of sufficient dietary pectin would have negative impact on the
growth performance, intestinal morphology development and nutrient digestibility of broiler, but
the increased Thr concentrations would compensate for the negative impact of dietary pectin on
those parameters.
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Table 1-1 Classification of dietary fiber (J.L.Slavin, 1987; NG Asp. 1996).
Water-insoluble fiber
Source and detail
β-glucans
Cellulose
From cereals, fruit, vegetables (in all plants in general)
Chitin
In fungi, exoskeleton of insects and crustaceans
Hemicellulose
From cereals, bran, timber, legumes
Hexoses
From wheat, barley
Pentose
In rye, oat
Lignin
Stones of fruits, vegetables (filaments of the garden bean),
cereals
Xanthan gum
Production with Xanthomonas-bacteria from sugar
substrates
Resistant starch
Can be starch protected by seed or shell (type RS1),
granular starch (type RS2) or retrograded starch (type
RS3);
Can be found in high amylose corn, barley, high amylose
wheat, legumes, bananas, etc.
Water-soluble fiber
Source and detail
Arabinoxylan
A hemicellulose. From psyllium.
Fructans
Replace or complement in some plant taxa the starch as
storage carbohydrate.
Inulin
From diverse plants.
Polyuronide
Pectin
Can be found in fruit skin (mainly apples, quinces),
vegetables
Alginic acids (Alginates)
In algae
Raffinose
In legumes
Xylose
A monosaccharide as well as a pentose
Polydextrose
Synthetic polymer, ca. 1kcal/g
Lactulose
Synthetic disaccharide
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Figure 1-1 Schematic representation of threonine catabolism (Figure adapted from Kidd and Kerr
(1996).).
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CHAPTER 2. EFFECTS OF DIETARY FIBERS ON THE GROWTH
PERFORMANCE AND THE DIGESTION AND ABSORPTION OF
THREONINE IN BROILER CHICKEN

2.1 Abstract
The experiment was conducted to determine the effect of dietary threonine (Thr) concentration
and dietary pectin and the interaction effects of dietary pectin and dietary Thr concentrations on
growth performance, nutrient digestibility and intestinal morphology of broiler chickens from d 7
to 21 posthatch. Ten diets with five levels of dietary Thr concentration of 5.7, 7.6, 9.4, 11.3,
13.2 g/kg, representing 60, 80, 100, 120, 140%, respectively, of the Thr requirement suggested
by Ross Nutrition Supplement (2009), and two levels of dietary pectin (0 and 7%) were fed to
broiler chickens from d 7 to d 21 posthatch in a 5 x 2 factorial arrangement following a RCBD.
Silica sand was added to control diet as a replacement of pectin. Chromic oxide was used as an
index marker for digestibility coefficient. Individual body weights and feed intakes were
recorded at d7, d14 and d21. Excreta samples were collected over a 48h period on d12/13 and
d19/20 posthatch, jejunum sections from one heaviest and one lightest birds were collected on
d14 and d21, ileal digesta were collected from the remaining birds on d21.
Growth performance was determined by BWG, FI and G:F ratio of three periods: d7 to d14
(P1), d14 to d21 (P2), d7 to d21 (P3). Nitrogen retention (NR), apparent metabolizable energy
corrected for nitrogen (AME n), and ileal digestible energy (IDE) data were analyzed on a DM
basis from excreta and ileal digesta samples. The NR and AME n of the diet were analyzed for
two periods: P1 (d 7 to d 13) and P2 (d 7 to d 20). The IDE was analyzed for one period (d 7 to d
21). Villus heights (VH) and crypt depths (CD) and goblet cell counts (GCC) were measured
from jejunum samples after AB/PAS stain.

25
Pectin-fed groups had lower BWG, AME n, IDE, NR, VH, GCC compared with control groups
when Thr concentrations were 5.7, 7.6, 9.4 g/kg. When Thr, concentrations were 11.3 and 13.2
g/kg, pectin-fed groups had lower BWG, AME n and higher GCC compared with control groups.
Meanwhile, BWG, FI and G:F ratio increased when Thr concentrations increased from 5.7 to 9.4
g/kg. No effect of interactions between dietary pectin and Thr concentrations was noted on all
parameters.
Overall, these results supported our hypothesis that dietary pectin had a negative impact on the
growth performance, intestine morphology development and nutrient digestibility of 7 to 21 dayold broiler chickens when dietary Thr was deficient. However, excess Thr could compensate for
the negative impact of dietary pectin on growth performance and intestine morphology
development.
Key words: Broilers, Pectin, Threonine, Growth performance, Nutrient digestibility, Intestinal
morphology.

2.2 Introduction
Threonine (Thr) is particularly critical for chickens due to the lack of de novo synthesis (Kidd
and Kerr, 1996). After digestion and absorption in the gut, one of the fates for Thr is as the
substrate for mucosal proteins synthesis. Therefore, Thr is especially important with regard to
mucin synthesis and maintenance of gut barrier integrity (Stoll, 2006). Mucus layer serves multifunction regarding to the health of the GI tract. Thus, deficient Thr intake may result in intestinal
mucin synthesis reduction, a compromised mucus layer, lower nutrient digestibility and poor
growth (Horn et al., 2009)
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Dietary fiber is considered as one of the most significant negative factors on chicken
digestibility that can result in lower feed utilization efficient (Choct et al., 1999; Steenfeldt,
2001). Inclusion of dietary fiber may affect the synthesis and secretion of mucin (Faure et al.,
2005). Most of the plants contain a mixture of different types of fiber. Therefore, investigation of
pure forms of fiber instead of the mixture can help to better understand the mechanism by which
dietary fiber affects the digestion and absorption process (Larsen et al., 1993). Soluble fibers like
pectin can bind large amounts of water in the GI tract, which could increase the digesta viscosity,
thus changing the lumen environment, which could decrease digestion and absorption of
nutrients (Langhout et al., 1999; Józefiak et al., 2004). However, despite its anti-nutrition effect,
dietary fiber is still necessary for broiler diet formulation. Soluble fiber increases stomach
distension, intestinal transit time, digesta viscosity and salivary, pancreatic and bile secretion,
delays gastric emptying and glucose absorption and slows absorption. Insoluble fiber decreases
transit time, enhances water-holding capacity and assists fecal bulking. Both forms can be
partially utilized through the fermentation by the microbial population in broiler hindgut and
ceca (Annison, 1990; Choct et al., 1990; Langout et al., 1999). Dietary fiber could also affect the
intestinal organ development of non-ruminant animals like pigs, rats and chickens. These
negative effects can results changes of the intestinal development and mucin synthesis and
secretion of goblet cells (McDonald et al., 2001; Iji et al., 2001; Montagne et al., 2003).
Taking all these factors into consideration, the inclusion of dietary fiber could have a great
impact on the development of broilers, especially at the early age when the GI tract is
undergoing significant developments. Concurrently, dietary Thr could also influence mucin
synthesis, which also has great importance on intestinal development. Thus in order to determine
how to best utilize dietary fiber in broiler diets, a study of the effect of dietary fiber on the

27
development of broiler chick under different Thr concentrations is necessary. The objective of
this study was to investigate the effects of dietary pectin and dietary Thr concentration on the
growth performance, intestinal morphology development and nutrient digestibility of 7 to 21
day-old broiler chickens.

2.3 Materials and Methods
All procedures in the study involving animal housing, handling, and sacrificing were approved
by the Purdue University Animal Care and Use Committee (PACUC).

2.3.1 Birds and Husbandry
Nine hundred sixty day-0 posthatch Ross 308 broiler chicks from local commercial hatchery
were used in this study. Chicks were raised in heated battery cages with continuous lighting in
Lily Small Animal House, Purdue University, mash feed and fresh water were offered ad libitum
during the whole experiment period. A standard corn-SBM meal starter diet was offered from
day 0 to day 7. On the morning of day 7 posthatch, all the chicks were individually neck-tagged,
weighed, and assigned to treatment groups before being moved into corresponding cages. Eight
replicate pens of 12 birds each were randomly assigned to each of 10 treatments under a
randomized complete block design (RCBD) according to initial body weight for the 21-d study
so that each treatment group would have similar initial weight.

2.3.2 Diet Formulation
The experimental diets were corn-SBM based diets formulated in two purified fiber levels (0
or 7% of the dietary pectin [Dutch Jel Bulk Fruit]), within five dietary threonine (Thr)
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concentrations (60%, 80%, 100%, 120% and 140% of the Thr requirement based on Ross
Nutrition Supplement 2009 [9.4 g of Thr /kg]). Synthetic Thr was added to adjust the Thr
concentrations. Silica sand (Grade 20, particle size 0.85 mm) was added in the control diet as a
replacement for the pectin. Chromic oxide was used as a index marker for the calculation of
digestibility coefficients. Experiment diets were formulated to meet or exceed Ross Nutrition
Supplement (2009) recommendations. Corn bran and Monocalcium phosphate were added to
adjust the N and P concentration. The Ca: non-phytate P ratio was adjusted to 2:1 by inclusion of
Limestone (Table 2-1).

2.3.3 Histology Sample Trial
To determine the best way to collect samples for the histology microscope slide, twenty day14-old birds fed with starter diet were sacrificed and jejunum samples collected before the formal
experiment began. The jejunum sample was folded at the mid point and two 3-cm segments were
cut from the mid-point in both directions. The distal segment was flushed with Phosphatebuffered saline (PBS) and the proximal segment was not. A vertical incision was made on top of
the segment and the segment was then immersed in 10% neutral buffered formalin for 7 days.
Segments were sectioned and sent to the Histology Research Laboratory (Center for
Comparative Translational Research, College of Veterinary Medicine, Purdue University) for
Periodic acid-Schiff (PAS)/ Alcian Blue (AB) staining. In short words, tissues were stained with
1% AB reagent for 30 min. After several steps of rinse and oxidation, tissues were stained with
PAS solution for 10 min (Luna, 1968). After staining, the slides were observed under 40X
microscope and villus height and crypt depth were measured using AmScope® software. Villi
height (VH), crypt depth (CD) and goblet cell count (GCC) were measured from the same five
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villi from one slide and the mean of each parameter was compared for difference. We define VH
as the length from the villus tip to the mean point of two valleys between villi, and CD as the
height at the midpoint between two crypts valleys of the same villus to the crypt mouth. The
counting of goblet cell started from the crypt valley to the villus tip of one villus.
Means of villus height: crypt depth ratios and complete villi percent of two treatment groups
were compared by paired t-test. Statistic results gave no difference between two methods (Table
2-2). However, the result of view comparison supported flushing method (Figure 2-1). Therefore,
the flushing method was selected for the formal collection.

2.3.4 Sample Collection
Individual body weights and feeder weights were recorded on d 0, 7, 14 and 21 posthatch to
determine body weight gain, feed intake, and G:F ratio for mean of each pen. Excreta was
collected from each cage over a 48-hour period on D12/13 and D19/20 posthatch to determine
AMEn content of the diets. One heaviest and one lightest birds from each cage were sacrificed
and proximal segments of jejunum tissue were collected and fixed in 10% buffered formalin
(VWR International, Radnor, PA) for future analysis on both D14 and D21. All remaining birds
left on D 21 were euthanized by CO2 asphyxiation and ileal digesta was collected.

2.3.5 Chemical Analysis
Excreta samples were oven-dried at 55℃ for 7 days and ileal digesta samples were freezedried for 14 days. Diet, excreta and ileal digesta samples were all ground in a coffee grinder by
passing through a 1.0 mm screen. Subsamples were then analyzed for dry matter, gross energy,
nitrogen content in duplicate and for chromium concentration in triplicate.
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For all samples, dry matter percent was analyzed according to procedures recommended by
AOAC International (2006) (methods 934.01, 942.05). Gross energy was measured using a bomb
calorimeter (model 1261, Parr Instruments, Moline, IL). Nitrogen content was determined using
Nitrogen determinator (TruMac® Seris, Leco Corp., St. Joseph, MI). Chromium concentrations
were determined by digesting the samples in concentrated nitric acid and 70% perchloric acid
and absorption was measured at 440 nm using a spectrophotometer (Spectronic 21D, Milton Roy
Co., Rochester, NY) for all samples.

2.3.6 Calculations
All calculations were made on a dry matter basis (DMbasis).
Nitrogen retention (Nretained) was calculated by:
𝑁𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 = 𝑁𝑑𝑖𝑒𝑡 − [(𝑁𝑒𝑥𝑐𝑟𝑒𝑡𝑎 × 𝐶𝑟𝑑𝑖𝑒𝑡 ) ÷ 𝐶𝑟𝑒𝑥𝑐𝑟𝑒𝑡𝑎 ],
Nretained, Ndiet and Nexcreta stand for the nitrogen retained by broilers per kg of feed intake and
nitrogen concentration in the diet, nitrogen concentration in the excreta, respectively. Crdiet stands
for the dietary chromium concentration intake, Crexcreta stands for the excreta chromium
concentration output.
Ileal digestible energy (IDE) was calculated by:
𝐼𝐷𝐸 = 𝑀𝐸𝑐 × 𝐺𝐸𝐷𝑖𝑒𝑡
Where
𝑀𝐸𝑐 = 1 − [(𝐶𝑟𝐷𝑖𝑒𝑡 /𝐶𝑟𝐼𝑙𝑒𝑎𝑙 ) × (𝐺𝐸𝐼𝑙𝑒𝑎𝑙 /𝐺𝐸𝐷𝑖𝑒𝑡 )].
MEC stands for the metabolizable energy coefficient. GEdiet and GEIleal stand for the gross energy
concentrations of the diet and ileal digesta, respectively. CrIleal and Crdiet stand for the chromic
oxide concentration in the ileal digesta and diet, respectively.
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Apparent metabolizable energy corrected for nitrogen (AMEn) was calculated by:
AMEn={𝐺𝐸𝑑𝑖𝑒𝑡 − [(𝐺𝐸𝑒𝑥𝑐𝑟𝑒𝑡𝑎 × 𝐶𝑟𝑑𝑖𝑒𝑡 ) ÷ 𝐶𝑟𝑒𝑥𝑐𝑟𝑒𝑡𝑎 ] − 8.22} × 𝑁𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 .
Nretained stands for the nitrogen retained by broilers per kg of feed intake. GEdiet and GEexcreta
stand for the GE concentrations of the diet and excreta, respectively. Crexcreta and Crdiet stand for
the chromic oxide concentration in the excreta and diet, respectively. 8.22 is the energy value
attributed to uric acid for broilers (Adeola, 2001).

2.3.7 Statistical Analysis
Data were analyzed using a two-way ANOVA by the GLM procedure of SAS 9.4 (SAS Inst.
Inc.). The statistical model included the fixed main effects of dietary fiber concentrations and
dietary Threonine (Thr) concentration, as well as their interaction. A simple linear regression
model was fitted to state the relation between dietary Thr concentration and corresponding
outcomes. Main effects and interactions of treatments with a probability of P < 0.05 were
accepted as statistically significant. Mean separation (Tukey’s Studentized range test) was used
when significant main or interaction effects were observed. Paired t-test was applied when
comparing two treatments within one period.

2.4 Results
Body weight gain (BWG), feed intake (FI) and gain: feed ratio (G:F) data were analyzed based
on three experiment periods: P1 (d 7 to d 14), P2 (d 14 to d 21) and P3 (d 7 to d 21). Apparent
metabolizable energy corrected for nitrogen (AMEn) and nitrogen retention (NR) were analyzed
for two periods: P1 (d 7 to d 13) and P2 (d 7 to d 20). Ileal digestible energy (IDE) was analyzed
for one period (d 7 to d 21). Villus height (VH), crypt depth (CD), villus height: crypt depth ratio
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(VH:CD) and goblet cell count (GCC) were calculated for two periods: P1 (d 7 to d 14) and P2
(d 7 to d 21).
Treatment groups with 5.7 g/kg Thr concentrations had significant less BWG compared to
groups with other Thr concentrations for all three periods (P<0.01). Inclusion of pectin
significantly decrease BWG when Thr concentrations were 5.7 and 9.4 g/kg feed for P1, and 5.7,
9.4, 11.3 and 13,2 g/kg feed for both P2 and P3. FI was at lowest rate when Thr concentration
was 5.7 g/kg feed (P<0.05). Presence of pectin decreased BWG regardless of Thr concentrations
during both P2 and P3. Pectin-fed groups had higher G:F ratio compared to control groups when
Thr concentrations were 7.6 g/kg feed for both P2 and P3. G:F ratio reached a peak when Thr
concentration was at 7.6 g/kg for both pectin and control groups during P3 (P<0.05) (Table 2-3).
Pectin-fed groups had lower NR than control groups when Thr concentrations were 5.7, 7.6
and 9.4 g/kg feed for P1, and 5.7 and 7.6 g/kg feed for P2. IDE values reached bottom with 7.6
g/kg Thr concentration (P<0.05). IDE values in pectin-fed groups were lower than the one from
the control groups for all Thr concentration treatments except for 11.3 g/kg Thr concentrations.
Presence of pectin in diet decreased AME n during both periods (Table 2-4).
Pectin-fed group had lower VH comparing to control group when Thr concentrations were 5.7,
11.3 and 13.2 g/kg for P1, and when Thr concentration was 5.7 g/kg for P2. VH appeared to be
linearly increasing when Thr concentrations increased from 5.7 to 9.4 g/kg for both P1 and P2
(R2=0.1897; 0.2645, respectively). CD was deepest in chicks in the 7.6 g Thr/kg feed treatment
group compared to chicks in all other treatment groups (P<0.05). Pectin-fed group had deeper
crypts compared to control group when Thr concentrations were 5.7, 7.6 and 9.4 g/kg feed for P1
(P<0.05) and when Thr concentration was at 7.6 g/kg for P2 (P<0.05). Pectin-fed group had
lower VH:CD ratio comparing to control group when Thr concentrations were 7.6 and 11.3 g/kg
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feed for P1, and when Thr concentration was 5.7 g/kg feed for P2. GCC was lower in chicks in
the 5.7 g Thr/kg feed treatment groups compared to chicks in all other treatment groups
(P<0.01). Pectin-fed groups had less GCC compared to control groups when Thr concentrations
were 5.7 and 7.6 g/kg feed for P2. In contrast, pectin-fed groups had more GCC compared to
control groups when Thr concentrations were 11.3 and 13.2 g/kg feed for both P1 and P2 (Table
2-5).
No effect of interactions between dietary pectin and Thr concentrations was noted on all
parameters (P>0.05).

2.5 Discussion
The primary focus of this study was to look at the impact of dietary fibers and dietary
threonine (Thr) concentration on the growth performance, nutrient digestibility and intestinal
morphology development of d7 to d21-old broiler chickens. The hypothesis was that dietary
pectin would have a negative impact on the growth performance, nutrient digestibility and the
intestinal morphology development of broilers; while the increased Thr concentrations would
compensate for the negative effects of dietary pectin. In the result of the current experiment,
pectin significantly decreased nutrient availability and growth performance. However, contrary
to what we hypothesized, dietary pectin helped the development of intestinal tissue and goblet
cell quantity; meanwhile, increased dietary Thr concentration helps the growth and digestion of
broilers as well as the intestinal morphology development. Overall, increasing Thr concentration
could help to compensate the negative effect of dietary pectin on growth and digestion, but
within a limit range.
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Both growth performance and nutrient digestibility data support our hypothesis that pectin
provides no nutrient value and decrease the growth performance and nutrient digestibility when
presence in the diet. Similar to the result of former papers and studies, dietary pectin contributed
no or little nutritive value to broilers (Mosenthin et al., 1994; Langhout et al.,1999; Zhu et al.,
2005; Wils-Plotz and Dilger, 2013); the growth performance data showed that the presence of
dietary pectin in diet could decrease BWG but not FI. Ileal digestible energy and AMEn content
were both lower in the pectin-fed group compared with the control group. Apparently, as a
soluble fiber, the inclusion of pectin did not reduce the appetite of chick compared with the
control treatment, but its presence decreased the utilization efficiency. The inclusion of soluble
fiber could increase the viscosity of intestinal content, leading to changes in lumen environment
including pH, enzyme activity and passage rate. All these factors could affect the digestion and
absorption of nutrients in the intestine. Increased viscosity prevents chicks from absorbing
nutrients, leading to decreased AMEn and IDE from the diet. This utilization limitation may be
the reason for poor growth performance observed in the pectin-fed group compared with the
silica-fed control group.
Although it is mentioned in the literature that there is considerable fermentation of soluble in
broilers (Argenzio and Southworth, 1974; Jensen, 2001; Montagne, 2003), AMEn data showed
no sign of fermentation. The reason could be the age of broilers in the current study. Montagne et
al. (2003) found that younger animals use insoluble fiber less effectively than older ones. Our
result suggested similar situation with soluble fiber. The control diet used silica sand as a
substitute, which is indigestible in the chicken lumen thus causing no difference in digesta
content. However, soluble fiber could increase digesta viscosity and intestinal transit time.
Intestinal transit time as well as the age of chicken are key factors influencing the fermentation.
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Although longer transit time could enhance fermentation, young chicks have less developed GI
tract and fewer microflora, thus less SCFA is absorbed after production in the colon.
Nitrogen retention was determined from excreta samples collected from two periods. We
found that dietary pectin could decrease nitrogen retention rate as well as nitrogen digestibility
compared with control diet when Thr concentration was lower than 9.4 g/kg. This result was
similar to results reported by others. Larsen et al. (1993) found that the endogenous nitrogen
losses increased linearly in response to the digesta viscosity, whereas Wils-Plotz and Dilger
(2013) found pectin-treated birds had lower nitrogen retention than cellulose-treated and control
birds.
The decrease in nitrogen retention may be explained by the increased endogenous loss. The
viscosity change caused by dietary pectin mentioned previously could prevent the digestion and
absorption of endogenous amino acids, leading to a higher nitrogen loss rate in excreta. Also,
studies have indicated that pectin could undergo fermentation in the colon with amino acids
synthesized by bacterial, which could also contribute to the endogenous nitrogen loss (Schulze et
al., 1994; Choct et al., 1996; Leterme et al., 1998; Yin et al., 2000).
The observation of intestinal morphology was in consistence to our hypothesis, which
predicted that pectin would have a negative effect on epithelial development compared with the
control group. Overall, pectin-fed groups had lower villus height, deeper crypt depth, less goblet
cell count when Thr concentration was lower than 9.4 g/kg, but had more goblet cell count when
Thr concentration was excess.
Dietary pectin can help the formation of crypt and goblet cell and possibly related mucin
secretion when dietary Thr ingestion is sufficient. After digestion and absorption in the gut, the
majority of substrate extracted from Thr is used for mucosal proteins synthesis, thus increased
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Thr ingestion could linearly enhance the formation of epithelial cell and eventual goblet cell
(Horn et al., 2009). In addition, Studies suggested that the presence of dietary fiber could
improve the synthesis and secretion of mucus (Finnie et al., 1995; Meslin et al., 2001). However,
the increased digesta viscosity could increase the loss of villus cells as well as goblet cells, which
are attached to villi, by the action of physical scraping. This action, however, should not affect
crypt cells, which are deeply under the protection of villi. Thus, possible consequences may be
deeper crypt depth but lower villus height and lower goblet cell count. Meanwhile, the decreased
digestibility and growth caused by the inclusion of pectin could stimulate the body to use more
protein for the mucus layer formation at the expense of other functions. With the excess dietary
Thr ingestion, the epithelial cell would have enough substrate to produce more goblet cells. Both
consequences are in agreement with our results as well as previous studies on dietary fiber
(Southon et al., 1985; Jin et al., 1994; Langout, 1998; McDonald et al., 2001; Wils-plot and
Dilger, 2013). Furthermore, no change in villus height or crypt depth was observed when dietary
Thr was more than NRC requirement, indicating that dietary pectin may not alter the requirement
of Thr for epithelial development.
In this study, we used soluble fiber (pectin) to study its effect on broilers age d 7 to d 21
posthatch. Effects of soluble and insoluble fiber on the GI tract is quite different. Soluble fiber
can increase stomach distension, intestinal transit time, digesta viscosity and the secretion of
salivary, pancreatic and bile, delays gastric emptying and glucose absorption, which lead to a
reduction in absorption; while insoluble fiber can decrease transit time, enhance water holding
capacity and assist fecal bulking (Annison, 1990; Choct et al., 1990; Langout et al., 1999).
Different types of fiber have different physical and physicochemical characteristic, which is also
a key factor influencing GI tract. Besides, the amino acid digestibility and microbial population
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are different in same animals of different ages (Mintagne et al., 2003). Therefore, changes in any
factors mentioned above could lead to completely different results. These possible variables are
the reason for different results from previous similar studies, varying from no changes in villi
and goblet cell counts to opposite changes than our results.
Several points are worth mention regarding the results. First of all, the overall results
suggested that supplementation of 7% pectin significantly changes digestibility, growth
performance as well as intestinal morphology development for broilers of d 7 to d 21 old, most
of the data from the period of d 7 to d 14 were not statistically significant. Broilers aging d 7 to d
21 posthatch were used in this study. Young chicks have a less development GI tract, which
indicates shorter transit time, less enzyme activity and lower digestibility. Therefore, the antinutrient factor of pectin may not be significant. In addition, the result of Iji et al. (2001) shown
that chickens had a reduction in villus height after fed with a diet containing pectin for a 14-d
period. However, the change of villus height was not significant after a 7-d period, which
suggested the importance of fiber ingestion during the duration of the intestinal development
change. Moreover, the histology samples were collected from jejunum section in this study.
However, goblet cell density was suggested to be greater in the ileum area, whereas the
absorption rate is also greater. A follow-up study of ileal histology samples could provide more
insight into morphology changes under fiber challenge situation.
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Table 2-1. Ingredient and nutrient composition of the basal diet for experiment.
Item
Basal diet
Ingredient, g/kg
300.0
Corn
215.0
Soybean meal
1
168.0
Corn bran
Soy oil
70
Monocalcium phosphate
10
Limestone
20
Salt
4
Vitamin-mineral premix (B)
3
Amino acid mixture2
45
Chromic oxide premix3
25
Calculated composition, g/kg
Protein, g/kg
193.39
ME, kcal/kg
3254.42
Ca, g/kg
10.27
P, g/kg
5.13
Non-phytate P, g/kg
2.99
Total amino acids, g/kg4
Arg
16.59
His
4.19
Ile
10.7
Leu
18.78
Lys
13.57
Met
8.07
Met + Cys
10.65
Phe
12.92
Phe + Tyr
17.87
Thr
5.695
1.
Experimental diets were produced by replacing corn bran with 7% pectin (Dutch Jel Bulk Fruit),
or silica sand (Grade 20, particle size 0.85 mm).
2.
The amino acid mixture (100g) contains: Arg,15g; Ile,10g; Leu,12.5g; Lys,12.5g; Met,12.5g;
Phe,12.5g; Val,12.5g;
3.
Provided per kilogram of complete diet:
4.
Actual AA ratio varies from each experiment diet.
5.
Actual Thr concentrations were adjusted to 5.7, 7.6, 9.4, 11.3, 13.2 g/kg by adding synthetic Thr
at the cost of corn bran.
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Table 2-2. Comparison of different histology sample procedure trial 1
Treatment2
Item

A

B

P-Value

830.4

793

-

Crypt depth (µm)

153

137

-

VH: CD ratio

5.83

6.25

0.3

Complete villi4

32.3

28

-

All villi5

82.3

78.6

-

CV percent6

0.41

0.35

0.42

Villus height3 (µm)

1.

VH: CD ratio and CV percent values were analyzed with paired t-test to compare the difference
between two treatments.
2.
Treatment A used samples from distal one-third part of jejunum flushed with PBS. Treatment B
used samples from proximal one-third part of jejunum without flushing.
3.
VH, CD values are means of selected 5 villi that have best shape and stain, units are micrometers.
4.
Complete villi value is defined as the number of villi that have integral shape with visible,
complete villi tip in one vision.
5.
All villi value is defined as the number of villi in one vision.
6.
Complete villi percent is defined as the ratio between numbers of complete villi and all villi.

Table 2-3. Effect of dietary pectin and Thr concentrations on broiler growth performance1
Diet type3
5.7

7.6

Control
9.4

BW gain, g/chick

185c

287a

271ab

266ab

258ab

169c

291a

257ab

256ab

247b

23.45

Feed intake, g/chick

274bc

342a

314ab

316ab

303abc

244c

332ab

299abc

301abc

295abc

39.14

G:F, g/kg

680b

851a

867a

844a

866a

695b

876a

861a

851a

839a

57.45

BW gain, g/chick

293e

447a

425abc

413abcd

424abc

238f

440ab

406bcd

386cd

380d

23.91

Feed intake, g/chick

541bc

673a

698a

678a

685a

436c

608ab

661a

625ab

595ab

66.82

G:F, g/kg

545b

666ab

609ab

610ab

620ab

556b

817a

615ab

619ab

644ab

144.6

BW gain, g/chick

477d

734a

695ab

679abc

682abc

407e

731a

663bc

643bc

627c

38.48

Feed intake, g/chick

789bc

984a

977a

961a

953a

663c

915ab

928a

896ab

863ab

80.88

G:F, g/kg

607d

749ab

713abcd

708bcd

719abcd

618cd

821a

714abcd

718abcd 730abc

69.09

Thr(g/kg)

11.3

13.2

5.7

7.6

Pectin
9.4

11.3

13.2

SD

Day 7 to 142

Day 14 to 21

Day 7 to 21

a,b,c,d,e,f

Means within a row lacking a common superscript differ (P<0.05)
Chicks were given experiment diet from day 7 to day 21 posthatch.
2.
Values are means of each pen containing 12 birds.
1.
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Table 2-4. Effect of dietary pectin and Thr concentrations on nutrient digestibility of diets fed to broilers. 1
Diet type
Control
Thr, g/kg

SD

Pectin

5.7

7.6

9.4

11.3

13.2

5.7

7.6

9.4

11.3

13.2

NR, g/g NI3

0.615b

0.672a

0.571bcd

0.505e

0.529de

0.563cd

0.610bc

0.541de

0.548de

0.527de

0.032

AMEn,
Kcal/kg
D 14 to D 21

3.336a

2.972d

3.159bc

3.187b

3.185b

3.027cd

2.973d

3.031cd

3.028cd

3.093bcd

0.086

NR, g/g NI
AMEn,
Kcal/kg
D 7 to D 21

0.591bc

0.663a

0.576bc

0.491d

0.546cd

0.549cd

0.625ab

0.553cd

0.536cd

0.535cd

0.040

3.394a

3.174bcde

3.242bc

3.235bcd

3.280ab

3.082ef

3.025f

3.059ef

3.107def

3.144cdef

0.079

IDE, kcal/g

3.403ab

3.215ab

3.386ab

3.243ab

3.447a

3.347ab

3.157b

3.299ab

3.325ab

3.385ab

0.174

D 7 to D 142

a,b,c,d,e,f

Means within a row lacking a common superscript differ (P<0.05).
Values are means of each pen containing 12 birds.
2.
Chickens were given experiment diet from day 7 posthatch.
3.
Nitrogen retention were analyzed based on excreta collected from two periods.
1.
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Table 2-5. Effect of dietary pectin and Thr concentrations on broiler intestinal morphology1
Diet type
Control
Pectin
3
Item Period
5.7
7.6
9.4
11.3
13.2
5.7
7.6
9.4
11.3
13.2 SD
4
GC
1
115.3
125.8
123.9
124.6
124.3 118.2
127.4
123.1
126.7
128.5
18.79
2
100.1
110.3
112.2
109.7
105.2
97.9
103.5
112.7
115.2
116.2
17.69
5
ab
ab
ab
ab
a
b
ab
ab
ab
ab
VH
1
945.8
1067.0
1052.5
1072.7
1128.0 910.7
1079.1
1109.7
1006.7
1073.4
129.76
ab
ab
a
ab
ab
b
ab
ab
ab
a
2
922.4
1000.1
1075.8 1037.0
1028.4
838.0
976.6
1051.5
1031.5
1084.3
136.1
6
b
ab
ab
ab
ab
b
a
ab
ab
ab
CD
1
126.6
142.7
145.1
133.0
143.4
127.9
162.0
151.5
136.7
135.2
18.11
2
102.2
115
109
109.5
109.9 105.6
117.1
111.5
110.4
110.6
10.64
V:C
1
7.648
7.843
7.707
8.665
8.177 7.547
6.934
7.596
7.956
8.393
1.06
ab
ab
ab
ab
ab
b
ab
ab
ab
a
2
9.249
8.935
10.033
9.700
9.575
8.098
8.664
9.718
9.735
10.181
1.27
7
GCD
1
0.122
0.12
0.118
0.118
0.11 0.132
0.119
0.112
0.126
0.109
0.020
2
0.109
0.102
0.107
0.107
0.095 0.112
0.1
0.109
0.109
0.107
0.018
a,b
Means within a row lacking a common superscript differ (P<0.05)
1.
Values are means from 1 heaviest and 1 lightest birds from 8 replicate pens of 12 chicks.
2.
Chickens were given experiment diet from day 7 posthatch.
3.
Units for villi height and crypt depth are micrometers (mm).
4.
Goblet cell density defined as the number of all goblet cells per villus.
5.
Villus height values are means of the same 5 villi selected for goblet cell count.
6.
Crypt depth values are measured from the crypt with the villus selected for the goblet cell count and the villus height measurement.
7.
Goblet cell density values are calculated by dividing goblet cell counts with villus height.
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1.

Images are jejunum villi from 14-d-old chicks fed with starter diet with different handling method (flushing vs. no flushing) under
40X microscope. Statistic comparison between means of villus height: crypt depth ratio and complete villi percent gives no di fference
between two methods (P>0.05). Vision comparison supports flushing method, which made the slide easier to read and measure.
Therefore, the flushing method was selected.
Figure 2-1 Determination of the different histology sample procedures. 1
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control
pectin

IDE, d 7 to d 21

3.50

IDE, kcal/g

3.40
3.30
3.20
3.10

3.00
2.90
0.569

0.758

0.940

1.128

1.316

Thr, %
control
pectin

AMEn, d 7 to d 13

3.50

AMEn, kcal/g

3.40
3.30
3.20
3.10
3.00
2.90
0.569

0.758

0.940

1.128

1.316

Thr, %
control
pectin

AMEn, d 7 to d 20

3.50

AMEn, kcal/g

3.40
3.30
3.20
3.10
3.00
2.90
0.569

0.758

0.940

1.128

1.316

Thr, %

Figure 2-2. Effect of dietary pectin and Thr concentrations on the IDE, AME n of the broiler
chickens.
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control

NR, d 7 to d 13

pectin

0.80
0.70

NR, g/g NI

0.60
0.50
0.40
0.30
0.20
0.10
0.00
0.569

0.758

0.940

1.128

1.316

Thr, %

control

NR, d 7 to d 20

pectin

0.80
0.70

NR, g/g NI

0.60
0.50
0.40
0.30
0.20
0.10
0.00

0.569

0.758

0.940

1.128

1.316

Thr, %

Figure 2-3. Effect of dietary pectin and Thr concentrations on the nitrogen retention of the broiler
chickens.
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Figure 2-4. Effects of dietary pectin and Thr concentrations on villus height and crypt depth in jejunum tissue.

50

VH:CD Ratio, d 7 to d 14
Pectin

Control

11.00

11.00

10.00

10.00

9.00

9.00

Ratio

Ratio

Control

VH:CD Ratio, d 7 to d 21

8.00

8.00
7.00

7.00

6.00

6.00
5.69

7.58

9.40

11.28

5.69

13.16

7.58

Goblet cell count, d 7 to d 14
Control

9.40

11.28

13.16

Thr, g/kg

Thr, g/kg

Goblet cell count, d 7 to d 21

Pectin

Control

130.0

Pectin

120.0
115.0

Count

125.0

Count

Pectin

120.0

115.0

110.0
105.0
100.0

110.0

95.0
5.69

7.58

9.40

Thr, g/kg

11.28

13.16

5.69

7.58

9.40

11.28

13.16

Thr, g/kg

Figure
2-5. Effects of dietary pectin and Thr concentrations on VH: CD ratio and goblet cell count in jejunum tissue.
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CHAPTER 3. SUMMARY

Threonine (Thr) is considered as one of the most limiting amino acids in corn-soybean meal
based diet for broiler chicken due to the lack of de novo synthesis. It has a relatively high
retention rate in the GI tract, which indicates an essential function in the GI tract metabolism.
Thr is a major substrate for the synthesis of intestine mucins after absorption, which serves as an
significant structural component. Reduced production of mucin and decreased intestine
development had been reported under Thr deficiency situation in non-ruminant animals
including pig, rat and chicken, which may result in poor gut integrity and low nutrient utilization.

The evaluation of Thr requirement has been a significant research focus in the past several
decades. Although many studies have been conducted and the recommended Thr requirement for
chicken has been included in NRC, 1994. The estimate of Thr requirement change is still
necessary with the inclusion of dietary fiber, which is one of the facts that may influence the
utilization efficiency of Thr for chicken due to its anti-nutrient effect.

Dietary fiber has been a crucial part of poultry diet all over the world. There is no doubt that
commercial diet will continue the inclusion of dietary fiber in order to meet their ultimate
benefit. Therefore, it is paramount for researchers to find the best rate of dietary fiber that can
help to ultimate the growth performance.
Despite its anti-nutritional effect, dietary fiber contributes in many ways. Pectin, as a soluble
fiber, can help to increase stomach distension, intestinal transit time, digesta viscosity and the
secretion of salivary, pancreatic and bile, delays gastric emptying and glucose absorption
(Montagne, 2003). Previous studies have mentioned that the inclusion of both soluble and
insoluble fiber may have a diverse effect on the growth and digestion of broilers with multiple
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Thr concentration levels (Mosenthin et al. 1994; Angkanaporn et al., 1994; Sauer et al., 1991;
Wils-Plotz and Dilger, 2013). To effectively incorporate dietary fiber into broiler diet, analysis
and determination of the response of broilers to the inclusion of dietary fiber with different Thr
concentrations are urgent to meet the need of poultry nutrition.
The objectives of this research were to investigate the response of broilers to the inclusion of
dietary pectin as well as different dietary Thr concentrations and the interaction of dietary pectin
and Thr concentrations. In the study, the broiler chicks were between 7 to 21 days posthatch. The
results revealed the changes in growth performance, nutrient digestibility and jejunum
morphology development under different treatments.
On the one hand, the growth performance and digestibility results of the study support the
theory that dietary fiber has anti-nutritional effects in the diet when considering growth and
energy utilization for young broiler chickens, and the presence of excess Thr could help to
compensate these effects. These results are similar with those from previous studies on animals
including pig, rat and chicken in different periods (De Lange et al. 1989; Sauer et al., 1991;
Mosenthin et al. 1994; Larsen et al. 1993; Larsen et al. 1994; Souffrant, 2001; GonzalezAlvarado, 2008; Wils-Plotz and Dilger, 2013). Dietary pectin can increase lumen content
viscosity and change the intestinal environment, which slows the digestion and absorption rate,
causing lower digestibility and utilization (Montagne, 2003).
On the other hand, jejunum histologic data suggested that the effect of pectin on intestinal
morphology development was not completely like what we hypothesized. For one thing, dietary
pectin can help the formation of crypt and goblet cell and possibly related mucin secretion when
Thr ingestion is sufficient. As we already know, dietary Thr has a positive effect on intestinal
development. Thus, the lower digestibility and nutrient utilization caused by the inclusion of

54
pectin could trigger an increasing in the protein usage for the mucus layer formation instead of
other body parts, which also matches the result of lower growth performance. For another thing,
when Thr is deficient, the presence of pectin may inhibit the goblet cell formation and related
mucin secretion due to lack of substrate caused by the increased endogenous protein loss.
Moreover, pectin would decrease villus height despite Thr concentrations. A possible
explanation could be the faster epithelial cell turnover rate. All these results may indicate that the
presence of pectin may increase the requirement of Thr for young broilers to maintain the same
growth rate.
For this project, the overall goal is to look at the effect of dietary pectin and Thr
concentrations on broilers and the results reveal the interaction of pectin and Thr when
considering growth performance, energy digestibility and intestinal development. This study has
successfully declared the response of broiler to the presence of dietary fibers with different Thr
concentrations.
Dietary fibers like pectin could be a benefit diet ingredient if the possible mechanisms by
which they affect gut integrity become clearer. There may be intricate reasons to explain the
different results when considering the effect of dietary fiber on intestinal development. The
effect of dietary fiber in poultry nutrition is highly related to several factors such as stage of
production, type and inclusion rate of dietary fiber, and the duration of diet in animals. These
factors, especially the type of fiber, require extra attentions when researchers try to study the
interaction of dietary fiber and intestinal development. In addition, the complicated dynamic
relationship of Thr and mucin makes it hard to estimate the response of Thr requirement change
to the presence of dietary pectin. Thus, stronger evidence is necessary to support possible
mechanisms mentioned before. Further researches should focus on different types of fiber and
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the interaction with different kinds of essential amino acids like Met and Lys. Because different
regions of the GI tract have different morphology index. For example, ileum has a highest goblet
cell density through the whole digestive tract. Follow-up studies of segments from different areas
could help to demonstrate the mechanism of changes in mucin synthesis under special
conditions. Meanwhile, data from both this study and previous ones explained the importance of
ingestion duration; therefore, to get significant results, longer experiment periods are necessary
for future studies.

